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responsibility of InAbstract This study reports an investigation of the chemical constituents of Balanophora polyandra
Griff. Fifteen compounds were isolated by column chromatography on silica gel, Toyo-pearl HW-40C,
Sephadex LH-20 and by HPLC. Their structures were elucidated as 1,4-di-O-galloyl-2-O-[(E)
-p-coumaroyl]-b-D-glucopyranose (1), 1-O-galloyl-b-D-pyranglucose (2), 1-p-coumaryl-b-D-pyranglu-
cose (3), 1-O-(E)-caffeoyl-b-D-pyranglucose (4), 1,3-di-O-galloyl-b-D-pyranglucose (5), 1,6-di-O-galloyl-
b-D-pyranglucose (6), 1-O-(E)-caffeoyl-4-O-galloyl-b-D-pyranglucose (7), 1-O-(E)-caffeoyl-6-O-galloyl-
b-D-pyranglucose (8), 1-O-(E)-caffeoyl-4,6-di-O-galloyl-b-D-pyranglucose (9), 1-O-(E)-caffeoyl-4,6-(S)-
HHDP-b-D-pyranglucose (10), 1,2,3,6-tetra-O-galloyl-b-D-pyranglucose (11), 4,6-(S)-hexahydroxydi-
phenoyl-(a/b)-D-glucose (12), 1-O-(E)-caffeoyl-4,6-[10,100-(30,300,40,400-tetrahydroxydibenzofurandicar-
boxyl)]-b-D-glucopyranose (13), ﬂavogallonic acid (14), and phloretin-40-O-b-D-glucoside (15) on the
basis of spectral analysis. Compound 1 was a new hydrolyzable tannin, 9 was obtained from this genus
for the ﬁrst time, and compounds 5, 6 and 11–14 were isolated from this plant for the ﬁrst time.
& 2013 Institute of Materia Medica, Chinese Academy of Medical Sciences and Chinese Pharmaceutical
Association. Production and hosting by Elsevier B.V. All rights reserved.edica, Chinese Academy of Medical Sciences and Chinese Pharmaceutical Association. Production and
rved.
.003
Tengfei Ji); suyalun@imm.ac.cn (Yalun Su).
stitute of Materia Medica, Chinese Academy of Medical Sciences and Chinese Pharmaceutical Association.
Table 1 1H and 13C NMR data for compound 1
(300 MHz for 1H NMR and 125 MHz for 13C NMR,
acetone-d6, J in Hz, d in ppm).
Position Compound 1
dH dC
Glc
1 5.94(1H, d, J¼8.1 Hz) 95.4
2 5.53(1H, t, J¼9.6 Hz) 75.5
3 3.94(1H, t, J¼9.6 Hz) 72.2
4 5.27(1H, t, J¼9.6 Hz) 69.9
5 3.94(1H, m) 76.5
6 3.70(1H, d, J¼12.0 Hz)
61.73.61(1H, dd, J¼4.8, 12.0Hz)
p-coumaryl
10 126.9
20 7.52(1H, d, J¼8.7 Hz) 131.0
30 6.86(1H, d, J¼8.7 Hz) 116.6
Hydrolyzable tannins from Balanophora polyandra 471. Introduction
The genus Balanophora (Balanophoraceae) comprising about
80 species is mainly distributed in the tropical and subtropical
areas of Asia and Oceania. Among them, about 19 species are
growing in China. Balanophora polyandra Griff. is a parasitic
plant mainly distributed in southwest China, India, Vietnam,
Thailand and Nepal. The whole plant acts as an antipyretic,
antidote, hemostatic and hematic tonic, and has been used as a
folk medicine for the treatment of gonorrhea, syphilis, wounds
and bleeding of the alimentary tract by the local people in
China1.
Some hydrolysable tannins and steroids have been isolated
from extracts of Balanophora species, but there are only a few
investigations on the chemical constituents of B. polyandra.
Preliminary experiments showed that the extract of B. poly-
andra exhibits a strongly hypoglycemic effect2. Further
bioassay-guided chemical investigation of the extract of
B. polyandra led to the isolation of a new hydrolyzable tannin,
1,4-di-O-galloyl-2-O-[(E)-p-coumaroyl]-b-D-glucopyranose (1)
(Fig. 1) from B. polyandra, together with 10 known com-
pounds: 1-O-galloyl-b-D-pyranglucose (2)3, 1-O-p-(E)-cou-
maryl-b-D-pyranglucose (3)4, 1-O-(E)-caffeoyl-b-D-pyran-
glucose (4)5, 1,3-di-O-galloyl-b-D-pyranglucose (5)6, 1,6-di-
O-galloyl-b-D-pyranglucose (6)7, 1-O-(E)-caffeoyl-4-O-gal-
loyl-b-D-pyranglucose (7)5, 1-O-(E)-caffeoyl-6-O-galloyl-b-D-
pyranglucose (8)5, 1-O-(E)-caffeoyl-4,6-di-O-galloyl-b-D-pyr-
anglucose (9)6, 1-O-(E)-caffeoyl-4,6-(S)-HHDP-b-D-pyranglu-
cose (10)6, 1,2,3,6-tetra-O-galloyl-b-D-pyran-glucose (11)8,
4,6-(S)-hexahydroxydi-phenoyl-(a/b)-D-pyranglucose (12)9,
1-O-(E)-caffeoyl-4,6-[10,100-(30,300,40,400-tetrahydroxydibenzo-
furandicarboxyl)]-b-D-glucopyranose (13)10, ﬂavogallonic acid
(14)11, phloretin-40-O-b-D-pyranglucose (15)10.40 160.5
50 6.86(1H, d, J¼8.7 Hz) 116.6
60 7.52(1H, d, J¼8.7 Hz) 131.0
70 7.56(1H, d, J¼15.9 Hz) 145.9
80 6.27(1H, d, J¼15.9 Hz) 115.1
90 166.8
Galloyl
100, 10 0 0 120.9, 120.8
200, 20 0 0 7.21(1H, s), 7.09(1H, s) 110.4, 110.2
300,30 0 0 146.1, 146.0
400,40 0 0 139.3, 139.1
500,50 0 0 146.1, 146.0
600,60 0 0 7.21(1H, s), 7.09(1H, s) 110.4, 110.2
70 0,70 0 0 166.1, 165.32. Results and disscussion
Compound 1, a½ 20D ¼0:701 (c¼0.10, CH3COCH3), was
obtained as a light yellow amorphous powder. Its molecular
formula was determined as C29H26O16 by HR-ESI-MS, giving
a quasi-molecular ion peak at m/z 653.1124 [MþNa]þ (calcd.
653.1113). UV absorption lmax at 280 and 222 nm was
observed, suggesting the presence of a conjugated or an
aromatic ring system. The IR spectrum showed absorption
bands indicative of a hydroxyl group (3371 cm1), a conju-
gated carbonyl (1701 cm1) and an aromatic ring (1605,
1514 cm1).O O
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Figure 1 Structure and key HMBThe 1H NMR data (Table 1) in acetone-d6 showed the
presence of a p-coumaryl group [dH 7.52(2H, d, J¼8.7 Hz,
H-20, 60), 6.86(2H, d, J¼8.7 Hz, H-30, 50), 7.56(1H, d, J¼15.9
Hz, H-70), 6.27(1H, d, J¼15.9 Hz, H-80)], two galloyl groups
[dH 7.21(2H, s, H-200, 600), 7.09(2H, s, H-20 00, 60 00)] and a
glucopyranosyl moiety [dH 5.94(1H, d, J¼8.1 Hz, H-1),
3.61–5.53(6H, glc-H)]. The J value of 8.1 Hz for the anomeric
H atom indicated a b-conﬁguration of the glucose moiety. The
13C NMR data (Table 1) revealed 29 signals due to three ester
carbonyl carbons (dC 166.8, 166.1, 165.3), twenty aromatic
and oleﬁnic carbons (dC 110.2–165.3), and six sugar-derived
carbons (dC 95.4, 76.5, 75.5, 72.2, 69.9, 61.7). The dC 61.7 of
glucose indicated that there was no substitute at C-6.O O
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C correction of compound 1.
Yangai Wang et al.48In the HMBC spectrum of 1 (Fig. 1), correlations from H-20
and H-60 to C-40, C-70, from H-30 and H-50 to C-10, from H-70
to C-90, and from H-80 to C-10, suggested the presence of a
p-substituted coumaryl moiety. Furthermore, the HMBC
correlations between the anomeric proton (H-1) and carbonyl
carbon of the galloyl unit, between H-4 of the glucose moiety
and the carbonyl carbon of the other galloyl unit, and between
H-2 of the glucose moiety and the carbonyl carbon of the
p-coumaryl unit, conﬁrming the linkages of the three acyl
groups in the glucopyranosyl moiety. On the basis of the
above analysis, 1 was identiﬁed as 1,4-di-O-galloyl-2-O-[(E)-p-
coumaroyl]-b-D-glucopyranose (Fig. 1).3. Experimental
3.1. General experimental procedures
UV spectra were recorded on a Shimadzu UV-2401PC
apparatus in lmax (log e). Optical rotations were measured
on a JASCO-20 polarimeter. IR spectra were recorded in KBr
cells on a Bio-Rad FTS-135 spectrophotometer in cm1.
NMRs spectra were recorded in (d6) acetone, D2O and
CD3OD on a Varian Mercury-300 and Inova-500 in
ppm relative to Me4Si, with J in Hz. Mass spectra were
recorded on a VG AutoS12 peC-3000 mass spectrometer
(rel%). Column chromatography (CC) was performed on
Diaion AB-8 (Mitsubishi Chemical Co.) with CHP20P gel
(75–150 mm; Mitsubishi Chemical Co.), Sephadex LH-20 gel
(25–100 mm; Pharmacia Fine Chemical Co., Ltd.),
Chromatorex-ODS gel (100–200 mesh; Fuji Silysia Chemical
Co., Ltd.), and Toyopearl HW-40F (37–70 mm; Tosoh Co.).
Thin Layer Chromatography (TLC) was carried on silica gel-
precoated plates (Qingdao Haiyang Chemical Co., Ltd.)
eluting with benzene:ethyl formate:formic acid (1:7:1, v/v) or
CHCl3:MeOH:H2O (14:6:1, v/v); Compounds were detected
by UV illumination, sprayed with 2% ethanolic FeCl3 or 10%
sulfuric acid reagent, and followed by heating.3.2. Plant material
The whole plants of B. Polyandra Makino were collected in
Hubei province. Plant identity was veriﬁed by Mr. Lin Ma
(Institute of Materia Medica, China). A voucher specimen
(No. ID-S-2236) was deposited at the herbarium of the
Department of Medicinal Plants, Institute of Materia Medica,
Chinese Academy of Medical Sciences and Peking Union
Medical College, China.3.3. Extraction and isolation
The aerial parts of B. polyandra (2.0 kg) were cut into small
pieces and extracted with 70% aq. acetone (10 L) for 3 weeks
at room temperature. The extracts were concentrated and then
suspended in water and successively partitioned with petro-
leum, CHCl3, EtOAc and n-BuOH. The EtOAc and n-BuOH
fractions were positive to FeCl3 reagent.
The ethyl acetate extracts (172.0 g) were applied to a silica
gel column (column A: 100 mm 250 mm) under reduced
pressure and eluted with a CHCl3/MeOH gradient system(100:1 to 1:1) and MeOH to afford 20 subfractions (EA1–
EA20).
EA10 (16.6 g) was separated with a MPLC (70 mm 600
mm, eluted with MeOH/H2O). The tenth elution EA10-10
(5.0 g) was repeatedly applied to MCI CHP 20P column
chromatography using MeOH/H2O (from 10% to 100%) as
eluent and then puriﬁed further over Sephadex LH-20 CC
using MeOH to give compound 13.
Subfractions EA11–EA20 (120.0 g) were applied to a silica
gel column (column B: 9 mm 90 cm) and eluted with a
CHCl3/MeOH gradient system (100:1 to 1:1) and MeOH to
afford 14 fractions (EAB1–EAB14). EAB14 (51.0 g) was
separated by MPLC (70 mm 600 mm, eluted with MeOH/
H2O) and then repeatedly puriﬁed with Silica Gel (CHCl3–
MeOH), Sephadex LH-20 CC (MeOH–H2O), and ODS
HPLC (YMC-Pack ProC18, 10 mm 250 mm; eluted with
MeOH/H2O; ﬂow rate, 6.0 mL/min; UV detection at 280 nm)
to afford compounds 1, 4, 7, 8, 9, 10, 15.
The n-BuOH fraction (185.0 g) was fractionated by Diaion
AB-8 eluted with H2O, 10%, 30%, 50%, 70%, and 95%
EtOH, affording 23 subfractions (B1–B23). The subfraction
B1 was repeatedly chromatographed on Sephadex LH-20,
Toyopearyl HW-40F, Chromatorex ODS gel and preparative
LC to afford compound 11.
In the same way, compound 12 was successively obtained
from B2. Subfraction B9 (3.9 g) was separated by MPLC
(70 mm 600 mm, eluted with MeOH/H2O) into 9 fractions,
that are B9-1 to B9-9, followed by fractionation on Silica Gel,
Sephadex LH-20 CC, and ODS HPLC (YMC-Pack ProC18,
10 mm 250 mm, eluted with MeOH/H2O at a ﬂow rate of
6.0 mL/min with UV detection at 280 nm) to afford 5 and 6
from fraction B9-7.
Subfractions B10–B12 (12.0 g) were isolated by MPLC
(70 mm 600 mm, eluted with MeOH/H2O) and then puriﬁed
by Silica Gel, Sephadex LH-20 CC and preparative HPLC
(YMC-Pack ProC18, 10 mm 250 mm and eluted with H2O/
MeOH at a ﬂow rate of 6.0 mL/min with UV detection at
280 nm) to afford compounds 2, 3 and 14.3.4. Identiﬁcation
1,4-Di-O-galloyl-2-O-p-coumaryl-b-D-pyranglucose (1): light
yellow amorphous powder; a½ 20D ¼0:701 (c¼0.10, acetone-
d6); IR (KBr) nmax: 3371, 2942, 1701, 1605 and 1514 cm
1;
(þ)-ESI-MS m/z 653.1 [MþNa]þ; (–)-ESI-MS m/z 629.1
[MH]; HR-ESI-MS m/z: 653.1124 [MþNa]þ (calcd. for
C29H26O16Na, 653.1113).
1H NMR and 13C NMR spectral
data see Table 1.
1-O-Galloyl-b-D-pyranglucose (2): C13H16O10, white power;
(þ)-ESI-MS m/z 355.2 [MþNa]þ; ()-ESI-MS m/z 331.2
[MH]; 1H NMR (300 MHz D2O): dH 7.26(2H, s, galloyl-
H), 5.75(1H, d, J¼6.0, glc-1), 3.92 (1H, d, J¼12.0 Hz, glc-6),
3.75(1H, dd, J¼12.0, 5.1 Hz, glc-6)3,7.
1-O-p-(E)-Coumaryl-b-D-pyranglucose (3): C15H18O8, white
powder; (þ)-ESI-MS m/z 349.2 [MþNa]þ; ()-ESI-MS m/z
325.4 [MH]; 1H NMR (300 MHz DMSO-d6): dH 10.5(brs,–
OH), 7.63(1H, d, J¼15.9 Hz, coum-7), 6.39(1H, d, J¼15.9
Hz, coum-8), 7.57(2H, d, J¼8.4 Hz, coum-2,6), 6.79(2H, d,
J¼8.4 Hz, coum-3,5), 5.45(1H, d, J¼7.8 Hz, glc-1), 3.65(1H,
dd, J¼12.0, 2.0 Hz, glc-6a), 3.45(1H, dd, J¼12.0, 5.1 Hz,
glc-6b), 5.27(1H, d, J¼3.9 Hz, –OH), 5.10(1H, brs, –OH),
Hydrolyzable tannins from Balanophora polyandra 494.99(1H, d, J¼3.0 Hz, –OH), 4.56(1H, t, J¼5.1 Hz, –OH),
3.15–3.35(4H, m, glc-2,3,4,5)4.
1-O-(E)-Caffeoyl-b-D-pyranglucose (4): C15H18O10, white
powder; (þ)-ESI-MS m/z 365.2 [MþNa]þ; ()-ESI-MS m/z
341.2 [MH]; 1H NMR (300 MHz D2O): dH 7.52(1H, d,
J¼15.9 Hz, caf-7), 6.19(1H, d, J¼15.9 Hz, caf-8), 6.98(1H,
brs, caf-2), 6.92(1H, d, J¼7.8 Hz, caf-6), 6.79(1H, d, J¼7.8
Hz, caf-5), 5.60(1H, d, J¼7.2 Hz, glc-1), 3.90(1H, d, J¼11.7
Hz, glc-6a), 3.73(1H, dd, J¼12.0, 4.8 Hz, glc-6b)5.
1,3-Di-O-galloyl-b-D-pyranglucose (5): C20H20O14, white
amorphous powder; (þ)-ESI-MS m/z 507.1 [MþNa]þ, ()-
ESI-MS m/z 483.2 [MH]; 1H NMR(300 MHz acetone-d6):
dH 7.19(2H, s, galloyl-H), 7.17(2H, s, galloyl-H), 5.83(1H, d,
J¼8.4 Hz, H-1), 5.27(1H, t, J¼9.3 Hz, glc-3), 3.89–3.63 (5H,
m, H-2,4,5,6)6.
1,6-Di-O-galloyl-b-D-pyranglucose (6): C20H20O14, white
amorphous powder; (þ)-ESI-MS m/z 507.0 [MþNa]þ, ()-
ESI-MS m/z 483.1[MH]; 1H NMR(300 MHz DMSO-d6):
dH 7.00(2H, s, galloyl-H), 6.92(2H, s, galloyl-H), 5.54(1H, d,
J¼6.9 Hz, H-1), 4.38(1H, brd, J¼11.1 Hz, H-6a), 4.21 (1H,
dd, J¼11.1, 4.2 Hz, H-6b)7.
1-O-(E)-Caffeoyl-4-O-galloyl-b-D-pyranglucose (7): C22H22O13,
yellow amorphous powder; (þ)-ESI-MS m/z 517.2 [MþNa]þ;
(–)-ESI-MS m/z 493.2 [MH]; 1H NMR (300MHz acetone-
d6þD2O): dH 7.65(1H, d, J¼15.9 Hz, caf-7), 6.33(1H, d, J¼15.9
Hz, caf-8), 7.18(1H, s, caf-2), 7.13(2H, s, galloyl-2,6), 7.02(1H,
brd, J¼8.4 Hz, caf-5), 6.86(1H, d, J¼8.4 Hz, caf-6), 5.67(1H, d,
J¼8.4 Hz, glc-1), 4.97(1H, t, J¼9.6 Hz, glc-4); 13C NMR(125
MHz acetone-d6): dC caffeoyl: 126.9(C-1), 115.0(C-2), 146.3(C-3),
149.3 (C-4), 116.2(C-5), 122.9(C-6), 147.7(C-7), 114.2(C-8),
166.8(C-9); galloyl: 120.9(C-1), 110.0 (C-2, 6), 145.9 (C-3, 5),
139.1(C-4), 166.6(C-7); glucose: 95.0(C-1), 76.4(C-5), 75.0(C-3),
73.7(C-2), 71.8(C-4), 61.7(C-6)5,6.
1-O-(E)-Caffeoyl-6-O-galloyl-b-D-pyranglucose (8): C22H22O13,
yellow amorphous powder; (þ)-ESI-MS m/z 517.2 [MþNa]þ;
()-ESI-MS m/z 493.2[MH]; 1H NMR(300 MHz acetone-
d6þD2O): dH 7.62(1H, d, J¼15.9 Hz, caf-7), 6.28(1H, d,
J¼15.9Hz, caf-8), 7.14(1H, d, J¼1.8 Hz, caf-2), 6.99(1H, brd,
J¼8.1 Hz, caf-5), 6.83(1H, d, J¼8.1 Hz, caf-6), 7.10(2H, s,
galloyl-2,6), 5.61(1H, d, J¼8.1 Hz, glc-1), 4.55(1H, d, J¼12.0
Hz, glc-6a), 4.30(1H, dd, J¼12.0, 5.1 Hz, glc-6b)5,6.
1-O-(E)-Caffeoyl-4,6-di-O-galloyl-b-D-pyranglucose (9):
C29H26O17, yellow amorphous powder; (þ)-ESI-MS m/z
669.1 [MþNa]þ, 685.1 [MþK]þ, ()-ESI-MS m/z 645.1
[MH]; 1H NMR(300 MHz acetone-d6): dH 7.65(1H, d,
J¼15.9 Hz, caf-7), 6.31(1H, d, J¼15.9 Hz, caf-8), 7.22(1H,
d, J¼1.8 Hz, caf-2), 7.08(1H, dd, J¼8.4, 1.8 Hz, caf-5),
6.88(1H, d, J¼8.4 Hz, caf-6), 7.16(2H, s, galloyl-2, 6),
7.15(2H, s, galloyl-2, 6), 5.79(1H, d, J¼8.4 Hz, glc-1),
5.25(1H, t, J¼9.6 Hz, glc-4), 4.46(1H, brd, J¼11.1 Hz, glc-
6a), 4.13(1H, m, glc-5,6b), 3.98(1H, t, J¼9.6 Hz, glc-3),
3.67(1H, t, J¼8.7 Hz, glc-2)6.
1-O-(E)-Caffeoyl-4,6-(S)-HHDP-b-D-pyranglucose (10):
C29H24O17, yellow amorphous powder; (þ)-ESI-MS m/z
667.2 [MþNa]þ; ()-ESI-MS m/z 643.1 [MH]; 1H
NMR(300 MHz CD3OD): dH 7.68 (1H, d, J¼15.9 Hz,
caf-7), 6.32(1H, d, J¼15.9 Hz, caf-8), 7.15(1H, d, J¼1.8 Hz,
caf-2), 6.99(1H, dd, J¼8.4, 1.8 Hz, caf-5), 6.79(1H, d, J¼8.4
Hz, caf-6), 6.69(1H, s, HHDP-2), 6.56(1H, s, HHDP-20),
5.59(1H, d, J¼8.1 Hz, glc-1), 5.13(1H, ddd, J¼13.8, 5.3 Hz,
glc-6), 5.23(1H, dd, J¼12.9, 6.0 Hz, glc-6a), 4.84(glc-4, over-
lapped), 4.03(1H, dd, J¼10.2, 6.0 Hz, glc-5), 3.77(1H, d,J¼12.9 Hz, glc-6b), 3.71(1H, t, J¼10 Hz, glc-3), 3.57(1H,
dd, J¼8, 10 Hz, glc-2)6.
1,2,3,6-Tetra-O-galloyl-b-D-pyranglucose (11): C34H28O22,
yellow amorphous powder; (þ)-ESI-MS m/z 811.1[MþNa]þ,
827.1[MþK]þ; ()-ESI-MS m/z 787.1 [MH]; 1H NMR(300
MHz acetone-d6): dH galloyl: 7.20(2H, s), 7.15(2H, s), 7.07(2H,
s), 7.04(2H, s), 6.03(1H, d, J¼7.8 Hz, glc-1), 5.68(1H, t,
J¼9.6 Hz, glc-3), 5.48(1H, t, J¼9.6 Hz, glc-2), 5.29(1H, d,
J¼5.1 Hz, 4-OH), 4.48(1H, d, J¼10.5 Hz, glc-6), 4.2–4.5(2H,
m, glc-5,6b), 4.04(1H, dt, J¼8.7, 5.1 Hz, glc-4); 13C NMR(125
MHz CD3COCD3): dC 166.4(-CO-), 166.1(-CO-), 165.7(-CO-),
165.3(-CO-), 95.4(glc-1), 75.8(glc-2), 73.8(glc-3), 69.4(glc-4),
72.4(glc-5), 63.0(glc-6)7,8.
4,6-(S)-Hexahydroxy-di-phenoyl-(a/b)-D-pyranglucose (12):
C26H10O10, white amorphous powder; (þ)-ESI-MS m/z 505.0
[MþNa]þ, ()-ESI-MS m/z 481.1 [MH]; 1H NMR(300
MHz acetone-d6þD2O): dH 6.69, 6.68, 6.67, 6.65 (each 1H, s,
HHDP, Ar–H), Isomer a: 5.14(1H, d, J¼3.9 Hz, glc-1), 5.13–
3.27(6H, glc-2–6), 13C NMR(125 MHz acetone-d6þD2O: dC
168.7(C-7), 168.5(C-70), 145.1(C-3), 145.1(C-30), 144.3(C-2),
144.2(C-20), 136.3(C-4), 136.1(C-40), 126.7(C-6), 126.5(C-60),
116.1(C-1), 115.9(C-10), 108.1(C-5), 107.8(C-50), 93.7(glc-1),
75.4(glc-4), 73.4, 73.1, 67.5, 64.1(glc-6); Isomer b: 4.55(1H, d,
J¼7.5 Hz, H-1), 5.13–3.27(6H, H-2–6), 13C NMR(125 MHz
acetone-d6þD2O): dC 168.6(C-7), 168.4(C-70), 145.1(C-3), 145.1
(C-30), 144.3(C-2), 144.2(C-20), 136.3(C-4), 136.1(C-40), 126.7(C-
6), 126.4(C-60), 116.0(C-1), 115.8(C-10), 108.1(C-5), 107.8(C-50),
98.6(glc-1), 76.7(glc-4), 74.0, 73.1, 72.1, 64.2(glc-6)12.
1-O-(E)-Caffeoyl-4,6-[10,100-(30,300,40,400-tetrahydroxydibenzo-
furandicarboxyl)]-b-D-glucopyranose (13): C29H24O16, light
yellow amorphous powder; 1H NMR (300 MHz DMSO-d6):
dH 7.60(1H, d, J¼16.2 Hz, caf-7), 6.30(1H, d, J¼16.2 Hz, caf-
8), 7.18, 7.04(each 1H, s, tetra-hydroxydibenzofurandicar-
boxyl-30,300), 7.06(1H, d, J¼8.1 Hz, caf-6), 7.07(1H, s, caf-2 ),
6.78(1H, d, J¼8.1 Hz, caf-5), 5.68(1H, d, J¼8.1 Hz, glc-1),
3.45 (1H, t, J¼9.0 Hz, glc-2), 4.85(1H, t, J¼9.0 Hz, glc-4),
4.60(1H, t, J¼9.9 Hz, glc-3), 4.00 (1H, m, glc-5), 3.95 (1H, m,
glc-6a), 3.75(1H, t, J¼9.0 Hz, glc-2), 3.48(1H, m, glc-6b);
13C NMR(125 MHz DMSO-d6): dC glucose: 93.8(C-1), 72.3(C-
2), 72.5(C-3), 69.5(C-4), 75.2(C-5), 66.2(C-6); caffeoyl: 125.3(C-1),
115.0(C-2), 145.6(C-3), 148.9 (C-4), 115.1(C-5), 121.8(C-6),
147.0(C-7), 112.9(C-8), 167.4(C-9); 4,6-Acyl: 169.1(C-70), 165.1
(C-700), 146.2(C-60), 146.1(C-600), 144.3(C-40), 143.9(C-400),
134.5(C-50), 132.5(C-500), 118.1 (C-20), 115.8(C-200), 115.2(C-10),
113.8(C-100), 113.3(C-30), 111.0(C-300)10.
Flavogallonic acid (14): C21H10O13, yellow amorphous solid;
()-ESI-MS m/z 469.1[MH]; 1H NMR(300 MHz DMSO-
d6): dH 7.44(1H, s), 7.06(1H, s);
13C NMR(100 MHz DMSO-
d6): dC 167.5(–COOH), 159.3(–COO–), 157.5(–COO–), 147.7,
146.1, 143.7, 143.3, 139.7, 138.8, 136.7, 136.4, 135.3, 125.4,
120.1, 117.9, 112.9, 111.6, 109.7, 109.5, 106.911.
Phloretin 40-O-b-D-glucoside (15): C21H24O10, yellow amor-
phous solid; (þ)-ESI-MS m/z 459.2 [MþNa]þ; ()-ESI-MS
m/z 435.2[MH]; 1H NMR(300 MHz acetone-d6þD2O):dH
7.08(2H, d, J¼7.4 Hz), 6.74(2H, d, J¼7.4 Hz), 6.13(2H, s),
4.99(1H, d, J¼7.5 Hz, glc-1), 3.87(1H, dd, J¼12.0, 2.0 Hz),
3.69(1H, dd, J¼12.0, 5.1 Hz), 3.35(1H, t, J¼7.5 Hz), 2.87-
(1H, t, J¼7.5 Hz); 13C NMR(125 MHz acetone-d6): dC
133.3(C-1), 130.2(C-2,6), 115.9(C-3,5), 156.3(C-4), 30.5(C-7),
47.0(C-8), 206.2(C-9), 106.3(C-10), 164.6(C-20,60), 96.3(C-30,50),
162.5(C-40), 100.9(glc-1), 74.3(glc-2), 77.7 (glc-3), 77.8(glc-4),
71.1(glc-5), 62.5(glc-6)10.
Yangai Wang et al.503.5. Acid hydrolysis and determination of the absolute
conﬁguration of the monosaccharide
Compound 1 (2 mg) was dissolved in 2 M HCl:dioxane (1:1)
(2 mL) and heated at 80 1C for 6 h. After cooling, the sample
was extracted with CHCl3. The aqueous layer was evaporated
and dried in vacuo to furnish a monosaccharide residue. The
residue was dissolved in 0.5 M methanol PMP (80 mL) and
0.3 M NaOH aqueous (80 mL). After swirling for 30 s, the
residue was heated at 70 1C for 30 min. After cooling for
10 min, 0.3 M HCl (80 mL) was added to neutralize the
mixture, which was then extracted with CHCl3 three times
and the H2O layer was analyzed by HPLC under the following
conditions: DIMAKA column C18 (250 mm 4.6 mm, 5 mm);
mobile phase: A: acetonitrile—20 mM ammonium acetate
aqueous(15:85), B: acetonitrile—20 mM ammonium acetate
aqueous(40:60), with elution using a gradient of increasing B
concentration (0–60%) in A within 20 min, UV detection at
lmax¼245 nm, ﬂow rate: 1.2 mL/min, injection volume: 30 mL.
In the acid hydrolysate of 1, D-glucose was conﬁrmed by
comparison of the retention time of its derivative with that of
a D-glucose derivative prepared in a similar way, both of
which showed retention times of 18.90 min.
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